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A DSGE model of fiscal stabilizers and informality 
in Sub-Sahara Africa
Eric Amoo Bondzie1 and Mark Kojo Armah2*

Abstract:  This paper investigates the effects of fiscal impulses on macroeconomic 
variables within a New-Keynesian DSGE framework featuring an informal economy 
that allows for the examination of the effectiveness of automatic stabilizers in 
stimulating some selected sub-Saharan African (SSA) economies during crises. 
Stabilizers were modelled such that fiscal instruments react to their own lagged 
values and the official sector output. The results indicate that tax hikes lead to 
sizeable tax evasion and reallocation of factor inputs from the official sector to the 
shadow sector making the standard aggregate estimates of fiscal policies ineffec
tive while government spending shocks slow down activities in the shadow sector. 
The findings also showed that automatic stabilizers on government spending 
(income taxes) stabilized the economy by reducing (raising) output levels even in 
the presence of the shadow economy. For policy implications, effective implemen
tation of government policies should incorporate the informal sector in macroeco
nomic modelling, especially for countries with a large informal sector.

Subjects: Economic Theory & Philosophy; Macroeconomics; Econometrics; Development 
Economics 

Keywords: Fiscal policy; automatic stabilizers; informality; DSGE models; Sub-Sahara Africa

JEL codes: D58; E12; E26; E52; E62

1. Introduction
Automatic fiscal stabilizers have become an important feature of macroeconomic modelling given 
its role in stimulating the economy. These measures gained further credence during the global 
financial and economic crisis whereby fiscal policy became the ultimate stimuli response. The 
paradigm shift was due to the inability of monetary policy to avoid the recession making fiscal 
tools an important topic in the macroeconomic modelling process. Following this, fiscal expansion 
became large in the advanced countries such as the US and the UK while many governments in the 
Euro area were criticized by the IMF for taking slow actions in the 2007–2009 period and for
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“austerity” measures imposed on peripheral countries after the beginning of the Greek crisis in 
2010 (Krugman, 2012; Stiglitz et al., 2014). As suggested by Magazzino (2022); Magazzino and 
Mutascu (2022), there are no acceptable empirical criteria for judging fiscal sustainability pro
grams. However, the key definition is based on the intertemporal budget constraint of the state, 
according to which public finances are sustainable if the present value of all future government 
revenues is at least equal to the present value of all future expenditure, plus the initial value of the 
debt. The recent global crisis caused by the COVID-19 pandemic has resulted in an unprecedented 
decline in global economies’ GDP of which Africa is no exception. In view of this, most governments 
around the world and Sub-Sahara Africa provide support to the most affected sectors of the 
economy to spur economic recovery. Governments reacted by increasing public deficits which, 
between discretionary measures and automatic stabilizers, reached the highest levels since the 
Second World War. This has called for prudent fiscal macroeconomic policies that would result in 
fiscal sustainability. The current study focuses on how sub-Saharan African countries have 
responded to this crisis using one of the conventional macroeconomic measures of fiscal stabi
lizers (see, Magazzino, 2022; Magazzino & Mutascu, 2022).

Automatic stabilizers are conceptualized as budgetary arrangements that help to smooth output 
without the explicit intervention of the fiscal authority (Larch & Vandeweyer, 2013; McKay & Reis, 
2016). Typically, automatic stabilizers are tax and transfer systems that temper the economy 
when it overheats and stimulates growth when it slumps without the direct involvement of 
policymakers. The recent COVID-19 pandemic and its related effects have necessitated the need 
to examine the effectiveness of automatic stabilizers in stimulating economies. Policy options for 
stabilizing the economy in the wake of a crisis can be discretionary or automatic. However, there 
have been a lot of arguments that discretionary fiscal policy is often not effective in stabilizing the 
economy during a crisis. Discretionary fiscal policies are often found to be counter-productive given 
that implementation of lags in the crisis period is less important than during normal times 
(Colciago et al., 2008; Hemming et al., 2002; Larch & Vandeweyer, 2013; McKay & Reis, 2016; 
Taylor, 2009). The last decades have seen advancements in estimation methodology that is micro- 
founded and has particularly become suitable for evaluating the effects of alternative macroeco
nomic policies. Dynamic Stochastic General Equilibrium (DSGE) models have been known to provide 
coherent and consistent results in identifying the effectiveness of fiscal impulses.1 This work, 
therefore, examines the role and effectiveness of automatic fiscal stabilizers in the presence of 
the shadow economy in SSA countries.

Informal production sectors constitute a greater proportion of economic activities in developing 
and emerging economies. For instance, Schneider et al. (2010) reported the size of the informal 
economy for 162 countries from 1999 to 2007. Figures 1a and b present the flow and trends of the 
share of informal sector activities as a percentage of GDP in some selected SSA countries.

The data is taken from Schneider et al. (2010), who developed a methodology to calculate the 
size of the shadow sector in some 162 countries including some SSA countries. Latin America and 
the Caribbean top the list with 41.4% of GDP, closely followed by sub-Saharan Africa, 40.2%, and 
then by Eastern Europe and Central Asia, with the same percentages, 38.9%. Medina and 
Schneider (2018); Makochekanwa (2020), reported the size of informal economy for 49 African 
countries from 1991 through 2015. The studies showed that the size of the informal economy in 
Africa in terms of its contribution to GDP has declined from an average of 42% of total GDP in 1991 
to 35% of total GDP by end of 2015. SSA countries that dominated include Zimbabwe with the 
highest level of informality contributing on average 61% towards the country’s GDP. The informal 
activity in Zimbabwe has grown from contributing 57% of annual GDP in 1991 to 67% of GDP in 
2015. Nigeria came as the second-ranked country with high informality averaging 57% of the 
country’s GDP, though growth in this sector has declined from 1991 to 2015. On the other extreme, 
Mauritius is the country with the least informal economy averaging 23% of the national GDP. 
Informal economic activities in Mauritius have been decreasing from 26% of the country’s GDP in 
1991 to 19% of its GDP in 2015. Additionally, Singh and Capt (2002), Nguimkeu and Okou (2019),
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and Makochekanwa (2020) indicated that street vending predominates in much of the informal 
economy in most parts of sub-Saharan Africa. Standard DSGE literature lacks the prerequisite 
modelling ingredients for developing and emerging countries which makes the adoption of such 
models for policymaking questionable. Developing countries are typically characterized by a weak 
financial sector, the existence of a large informal sector, external shock vulnerability, and weak 
economic and political institutions. This study seeks to elucidate whether the presence of 
a shadow economy dampens or amplifies the effects of fiscal policy transmissions with automatic 
stabilizers. Secondly, we try to identify the role of alternative fiscal shocks and feedback on GDP by 
comparing the cases with and without a shadow economy.

We, therefore, perform this examination by allowing for fiscal stabilizers on government spend
ing, labour and capital income taxes. Fiscal stability allows fiscal instruments to depend on the 
level of official sector output and it postulates that whenever the official output is below its long- 
run level, fiscal spending increases and income tax rates fall. The study imposes a stabilization 
policy and compares it with the model without fiscal stabilizers in both one-sector and two-sector 
models. The work then computes a fiscal gap variable for the two cases in each model.2 Fiscal 
policy packages are computed as average effective tax rates on labour income, capital income and 
consumption tax following Melina et al. (2016) which are consistent with data collected by the 
International Bureau of Fiscal Documentation in 2005–06. On the expenditure side, we take into 
consideration the variable mostly used in the literature, that is the government consumption 
expenditure from national income data which includes both purchases of goods and services as 
well as compensations to employees as in Rotemberg and Woodford (1992).

The model is characterised by a competitive labour market where firms in both sectors pay the 
same consumption real wage. This assumption is motivated by the theoretical contributions from 
Amaral and Quintin (2006); Pratap and Quintin (2006) and supported by Maloney (1999, 2004). 
The contributions by Pratap and Quintin (2006) to developing countries provided evidence against
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labour market segmentation and suggested that labour market arguments are not necessary to 
account for the silent features of the labour market in developing countries. The model features 
real (adjustment cost in investment and utilization rate of capital) and nominal (price adjust
ment) frictions that appear to be necessary to capture the empirical persistence in the main 
macroeconomic data which have become quite standard in the DSGE literature. Smets and 
Wouters (2007) model exhibit both sticky nominal prices and wages that adjust following 
a Calvo mechanism but we deviate from that and model goods producer’s prices using 
Rotemberg (1982) model with full indexation of prices.3 Our model also incorporates a variable 
capital utilisation rate which tends to smooth the adjustment of the rental rate of capital in 
response to changes in output.

As in Smets and Wouters (2007), the cost of adjusting the utilization rate is expressed in terms of 
consumption goods whereas the cost of adjusting the capital stock is modelled as a function of 
changes in investment, rather than the level of investments. The model focuses on structural 
shocks that are asymmetric to the formal sector including government spending, labour income 
tax and capital income tax shocks. The assumption is that regulatory authorities have full control 
of the official sector. There is a central bank which formulates monetary policy and finally, the 
fiscal feedback rules are captured by introducing consumption tax, labour and capital income 
taxes which are used by the government to finance its expenditure. A drawback to this is that we 
do not consider all the countries in SSA on the grounds of data limitation. Additionally, we not 
explore the effects of financial institution since the financial market is generally underdeveloped.

The remainder of the paper is structured as follows, section 2 presents a brief empirical literature 
review, section 3 provides an overview of the model, while section 4 reports on the parameters and 
steady-state ratios used for calibrating the model and also presents the results. Finally, section 5 
concludes the work.

2. Related literature review
The vast majority of DSGE literature has discussed the role and effects of fiscal policies on macro
economic variables and their determination on the real business cycle. Kumhof and Laxton (2007) 
developed a very comprehensive model for the analysis of fiscal policies, which incorporates four non- 
Ricardian features. In their analysis of the effects of a permanent increase in the US fiscal deficits and 
debt, they found medium and long-term effects that differ significantly from those of liquidity- 
constrained agents. Furthermore, they find deficits to have a significant effect on the current account. 
The informal sector forms an integral part of many economies in the world and is of larger propor
tions in most developing and emerging economies. Few of the literature, such as Aruoba (2010), 
Batini et al. (2011), Colombo et al. (2016), and Asif Khan and Khan (2011) on the financial crisis and 
(Acosta et al., 2009; Annicchiarico & Cesaroni, 2018; Chatterjee & Turnovsky, 2018; Junior et al., 2020; 
Schneider et al., 2010), consider informality as part of the modelling process.

Pappa (2009) studied the transmission of fiscal shocks in the labour market by employing 
a prototype RBC and a New Keynesian model with a structural vector autoregressive (VAR) model 
and predicted that shocks to government consumption, investment and employment must raise 
output and deficit. In effect, shocks to government consumption and investment increased real 
wages and employment simultaneously, however, the dynamics of employment shocks were 
a mix. Other standard empirical versions of the New Keynesian DSGE model also typically predict 
a positive or at least no significant negative response of private consumption to government spending 
shocks (Fatas & Mihov, 2001; Gali & Perotti, 2003; Mountford & Uhlig, 2009; Perotti et al., 2007). 
Indeed, most of the literature that analyses the impact of fiscal policy on economic activities focuses 
mainly on the size and sensitivity of fiscal multipliers as in Cogan et al. (2010), Christiano et al. (2011), 
and Coenen et al. (2012) with the consideration of the shadow sector. Recent literature that studied 
fiscal policy issues with informality includes Junior et al. (2020), Annicchiarico and Cesaroni (2018), 
Chatterjee and Turnovsky (2018), Schneider et al. (2010), and Acosta et al., (2009).
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Closer literature to this current study are Junior et al. (2020) and Annicchiarico and Cesaroni 
(2018), however this study’s main departure from Junior et al. (2020) is the way the informal sector 
is modelled in this study using an underground production sector activity. Junior et al. (2020) used 
informality in the labour market as a measure of informal activities. To do this, the paper extends 
Albonico et al. (2016) which departs from Smets and Wouters (2003, 2007) with an informal sector 
to ascertain how fiscal policy innovations are transmitted into the real sector. The automatic 
stabilizers are modelled with three fiscal instruments to react to their own lagged values and to 
the official sector output where the latter is thought to reflect the notion of automatic stabilizers. 
A more realistic treatment of fiscal policy suggests that the inclusion of fiscal stabilizers might be 
important in assessing the stability of the model (see recent contributions by Coenen et al., 2012, 
2013; Albonico et al., 2016).

3. Theoretical framework and methodology
This section discusses the various representative agents that constitute the New Keynesian model. 
We build a new Keynesian DSGE model which fits 40 selected sub-Sahara African countries. These 
countries were selected given their similarities in economic structure and data availability. A list of 
the 40 countries whose averages were used for this study is presented in Table 1 in the 
appendices.

4. Households
There is a continuum of households of measure unity that supply labour services to firms. 
Households are made up of individuals who consume, work in both sectors of the economy and 
return the wages they earn to the household. Households supply the same amount of undiffer
entiated labour services to each sector of the economy thereby setting their real wages to the 
marginal rate of substitution between consumption and labour supplied. Their savings and invest
ment are made through purchasing government bonds and supplying capital to sectoral goods 
producers. Following earlier contributions by Merz (1995) and Andolfatto (1996), household

Table 1. Countries used for the study
List of Countries

Angola Lesotho
Benin Liberia

Botswana Madagascar

Burkina Faso Malawi

Burundi Mali

Cabo Verde Mauritania

Cameroon Mauritius

Central African Republic Mozambique

Chad Namibia

Comoros Niger

Congo, Dem. Rep. Nigeria

Congo, Rep. Rwanda

Cote d’Ivoire Senegal

Eswatini Sierra Leone

Ethiopia South Africa

Gambia, The Tanzania

Ghana Togo

Guinea Uganda

Guinea-Bissau Zambia

Kenya Zimbabwe
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members are assumed to perfectly share the risk of sectoral consumption so individuals’ con
sumption decisions are the same and independent of their working conditions. The lifetime utility 
of representative agents is characterized by: 

Ui
t ¼ Et ∑

1

n¼0
βn ln ci

tþn

� �
� χ

li 1þϕð Þ

t
1þ ϕ

( )

(1) 

where superscript i 2 o; u denote official and unofficial sector variables respectively, χ is the 
parameter that regulates the disutility of work and ϕ defines the Frisch elasticity of labour. For 
each sector, household members own goods producers, hold physical capital and choose their 
investment in both sectors. Households can increase the supply of rental services from capital by 
investing in additional capital taking into account the adjustment cost of capital. Their intertem
poral budget constraint is4: 

ct þ
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t
Pt

iot þ
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t
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where Bt is government bond that pays one unit of currency in period t � 1 and Rt is the gross 
nominal interest rate. We define sectoral variables: the relative goods prices Pi

t, the capital ki
t 

(where a bar on top of capital indicates physical units of capital), labour services lit, the returns on 

capital rk;i
t , the utilisation rate of capital ut, �i

t represent the profit received from investment in 
goods production and product wage wi

t. The term a ui
t

� �
defines the real cost of using the capital 

stock with intensity ui
t. The fiscal authority makes net lump-sum taxes Tt which allows dealing with 

debt accumulation, and finances its expenditures by issuing bonds and by levying taxes on labour 
income τw

t and capital income τk
t . Taxes are paid by those in the official sector only which is natural 

in modelling processes. εRISK
t is the risk premium shock on the returns to bonds that affects the 

intertemporal margin, creating a wedge between the interest rate controlled by the central bank 
and the return on assets held by the households, which follows an AR(1) stochastic process with an 
i:i:d error term given as: 

lnεRISK
t ¼ ρRISKlnεRISK

t� 1 þ �
RISK
t (3) 

Households’ stock of physical capital in each sector is driven by the standard dynamic equation for 
capital given respectively as: 

k
o
tþ1 ¼ 1 � δð Þk

o
t þ εINV

t 1 � S
iot

iot� 1
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iot (4)  

k
u
tþ1 ¼ 1 � δð Þk

u
t þ 1 � S

iut
iut� 1
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iut (5) 

where S :ð Þ introduces the investment adjustment cost function.5 δ is the depreciation rate and only 

capital used in period ui
tk

i
t is subject to depreciation. εINV

t is the stochastic shock6 to the price of 
investment relative to consumption goods and follows an exogenous process with an i:i:d: error 
term as: 
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lnεINV
t ¼ ρINVlnεINV

t� 1 þ �
INV
t (6) 

Households in addition choose the utilization rate of capital with the amount of effective capital in 
each sector given as7: 

ki
t ¼ ui

tk
i
t� 1 (7) 

Households’ consumption basket is described as CES aggregate over the two sectors’ consumption 
bundle: 

ct ¼ φ
1

Pc co
t

� �Pc� 1
Pc þ 1 � φcð Þ

1
Pc cu

t
� �Pc� 1

Pc
h i Pc

Pc� 1
(8) 

Furthermore, each ct is also defined as: 

ct

ð1

0
ct

i 2i � 1
2i

� �

dzi

 !
2i

2i � 1 

where φc indicates official sector consumption goods bias and c>1 is the measure of elasticity of 
substitution between official consumption co

t
� �

and unofficial consumption cu
t

� �
bundles whereas 

i>1 measure the elasticity of substitution among the differentiated goods that form ct. Minimizing 
total consumption expenditure subject to the consumption bundle given above yields the following 
demand function for each good8: 

co
t ¼ φc Po

t 1þ τcð ÞPt
� �� c ct (9)  

cu
t ¼ 1 � φcð Þ Pu

t Pt
� �� c ct (10) 

where τc is a consumption tax levied by the government on official sector consumption goods to 
finance expenditure. The aggregate consumption price index is given as: 

Pt ¼ ½φcðPo
t 1þ τcð ÞÞ

1� c þ 1 � φcð ÞðPu
t Þ

1� c �
11� c (11) 

Symmetrically, the model assumes wages obtained by households from supplying labour services 
to be flexible in both sectors, thus labour market equilibrium requires that the marginal rate of 
substitution between total labour supplied to each sector equals the wage.9

Households face the usual maximization problem of maximizing their expected discounted sum 
of instantaneous utility (1) subject to equations (2), (4), (5) and (7). Letting λt denote the 
Lagrangian multiplier for the household’s budget constraint and λtQi

t the Lagrange multiplier for 
the capital accumulation equations where Qi

t is Tobin’s q which is equal to one when there is no 
capital adjustment cost. It can be interpreted as the one-unit shadow relative price of capital to 
one unit of consumption. The first-order conditions with respect to consumption ctð Þ, government 

bond Btð Þ, sectoral labour lit
� �

, sectoral capital k
i
tþ1

� �
, sectoral investment iit

� �
and capital utilisa

tion ui
t

� �
are respectively given below.10 The intertemporal marginal utility of consumption is: 

Uc;t ¼ λt ¼
1
ct

(12) 
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The consumption Euler equation from government bonds is: 

λt ¼ εRISK
t RtβEt

λtþ1

πtþ1
(13) 

In a competitive labour market, the standard labour supply conditions hold as: 
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The arbitrage condition in the labour market ensures that both sectors pay the same level of real 
wage as: 

Po
t

Pt
wo

t 1 � τw
t

� �
¼

Pu
t

Pt
wu

t (16) 

The competitive capital supplied to each sector is accordingly given as: 
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� �

rk;u
tþ1uu

tþ1 � a uu
tþ1

� �
þQu

tþ1 1 � δð Þ
� �

(18) 

The first-order conditions for investments supplied to each sector are given as: 

Po
t

Pt
¼ Qo

t εINV
t 1 � S

iot
iot� 1

� �

� S0
iot

iot� 1

� �
iot

iot� 1

� �

þ βEt
λtþ1

λt
Qo

tþ1εINV
tþ1S0

iotþ1
iot

� �

ð
iotþ1
iot
Þ

2 (19)  

Pu
t

Pt
¼ Qu

t 1 � S
iut

iut� 1

� �

� S0
iut

iut� 1

� �
iut

iut� 1

� �

þ βEt
λtþ1

λt
Qu

tþ1S0
iutþ1
iut

� �

ð
iutþ1
iut
Þ

2 (20) 

Finally, the following equations also give the first-order conditions for effective capital utilized: 

rk;o
t ¼ a0 uo

t
� �

(21)  

rk;u
t ¼ a

0 uu
tð Þ (22) 

solving equations (12) and (13) for ct we obtain the consumption Euler equation.

5. Intermediate goods producers
In each sector, goods producers produce intermediate goods and sell them at the competitive 
intermediate price PI;i

t to final goods producers. The production function for a representative firm is 
given as: 
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yi
t ¼ Ai

tk
i αið Þ
t li 1� αið Þ

t (23) 

where yi
t, ki

t and lit respectively denote sectoral output, capital and labour inputs. αi is the sectoral 
capital share used in productive activities. Ao

t is the official sector productivity shock which is 
defined as an AR(1) process with i:i:d error term as: 

lnAt ¼ ρAlnAo
t� 1 þ �

A
t (24) 

Goods producers in each sector maximize their market value by choosing labour lit
� �

and capital 
ki

t
� �

taking into account their production output level. Their market value �i
t

� �
is expressed as: 

�i
t ¼

PI;i
t

Pt
yi

t � wi
tl

i
t � rk;i

t ki
t

h i
(25) 

where wi
t and rk;i

t are respectively sectoral real wage rate and real returns from capital. PI;i
t

Pt
yi

t 

represent the firm’s revenue from selling output and PI;i
t

Pt
Wi

tlit þ rk;i
t ki

t

� �
are the repayments made 

by goods producers to households which consist of the wage bill and cost of physical capital. The 
following equations respectively define the first-order conditions for sectoral labour and capital: 

wi
t ¼ 1 � αi

� �
Ai

tð
ki

t
lit
Þ

αi
(26)  

rk;i
t ¼ αiAi

tð
ki

t
lit
Þ
� 1� αið Þ (27) 

This implies a capital-labour ratio given as: 

rk;i
t

wi
t
¼

αi

1 � αi
lit
ki

t
(28) 

Solving equations (26) and (27) yield sectoral real marginal cost as: 

mcI;i
t ¼ ð

rk;i
t
αi Þ

αi
ð

wi
t

1 � αiÞ
1� αi

(29) 

6. Final goods producers
The model assumes a sticky-price specification based on Rotemberg (1982) quadratic adjustment 
cost in both sectors of the economy. Prices are indexed to a combination of both current and past 
inflation with a weight equal to θπ . The final goods producers maximize their profit function by 
choosing final goods prices taking into account the quadratic adjustment cost given as: 

κp

2
ð

πi
t

πi
t� 1

θπ
� 1Þ2yi

t 

The Rotemberg model assumes that a monopolistic firm faces a quadratic cost in adjusting its 
nominal prices that can be measured in terms of the final goods with κp being the price stickiness 
parameter which accounts for the negative effects of price changes on the customer-firm relation
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and θπ representing the price indexation parameter. The official sector final goods producers are 
subject to price mark-up shocks, hence in a symmetric equilibrium, the Rotemberg version of the 
non-linear New Keynesian Phillips Curve (NKPC) is derived as: 

1 � mco
t

� �
2o

t¼ 1 � κp πo
t

πo
t� 1

θπ
� 1

 !
πo

t

πo
t� 1

θπ
þ κpβEt

λtþ1

λt

πo
tþ1

πo
t

θπ
� 1

� �
πo

tþ1
πo

t
θπ

yo
tþ1
yo

t

� �

(30) 

where o
t is now a stochastic parameter which determines the time-varying markup in the official 

goods markets. As in Smets and Wouters (2003, 2007), the official sector final goods producers’ 
actual markup hovers around its desired level over time. This desired level comprises endogenous 
and exogenous components which are assumed to follow an AR(1) process given as: 

lno
t ¼ lno þ lnεp

t 

lnεp
t ¼ ρplnεp

t� 1 þ �
p
t (31) 

with �p
t being an i:i:d: normal innovation term. In a symmetric equilibrium, the price adjustment 

rule satisfies the following first-order condition for the shadow goods producers as: 

1 � mcu
t

� �
2u ¼ 1 � κp πu

t

πu
t� 1

θπ
� 1

 !
πu

t

πu
t� 1

θπ
þ κpβEt

λtþ1

λt

πu
tþ1

πu
t

θπ
� 1

� �
πu

tþ1
πu

t
θπ

yu
tþ1
yu

t

� �

(32) 

where mci
t ¼

PI;i
t

Pi
t

, defines the real marginal cost in terms of the sectoral final goods price. Here we 
assume shadow sector goods producers to have limited market power. The above equations 
represent the Rotemberg version of non-linear NKPCs that relate sectoral current inflation to future 
expected inflation and the level of relative outputs. The following equations respectively allow us 
to identify the sectoral price levels and the inflation rate for the consumer price index: 

Po
t ¼ πo

t Po
t� 1 (33)  

Pu
t ¼ πu

t Pu
t� 1 (34)  

Pt ¼ πtPt� 1 (35) 

where Pt is defined by equation (11).

7. Policy instruments
This section introduces and discusses government policies in regulating the real sector. It com
prises the fiscal tools used by fiscal authorities and a central bank that oversees the implementa
tion of monetary instruments.

8. Fiscal policy
The government supplies an exogenous amount of public goods and services gtð Þ which is defined 
in terms of the official sector goods and services. Its expenditure is financed through taxes (levied 
on consumption goods, labour and capital income) and the issuance of one period of nominally 
risk-free bonds. The government budget constraint is of the form: 
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gt þ
Bt� 1

Po
t
¼ τw

t wo
t lot þ τk

t rk;o
t uo

t � a uo
t

� �
� δ

h i
�kt

o
þ τcco

t þ
Bt

Po
t Rt
þ Tt (36) 

where Tt are lump-sum taxes which also appear in the household’s budget constraint and it 
explicitly ensures solvency in government deficit. Government spending gtð Þ follows a stochastic 
process with i:i:d: error term given as11: 

lngt ¼ ρGlngt� 1 þ �
G
t (37) 

As an illustration of the fiscal rules on the revenue side, we set fiscal rules for labour and capital 
income taxes to follow an AR(1) process given respectively as12: 

lnτW
t ¼ ρWlnτW

t� 1 þ �
W
t (38)  

lnτK
t ¼ ρKlnτK

t� 1 þ �
K
t (39) 

where �G
t , �W

t and �K
t represent their respective error term defined as an i:i:d.

9. Fiscal stabilizers
Automatic stabilizers are such that all the three fiscal instruments (government spending, labour 
and capital income taxes) react to their own lagged values and the official sector output yo

t
� �

. We 
model government spending along the lines of Albonico et al. (2016) given as: 

lngt ¼ ρGlngt� 1 þ θG
y lnyo

t þ �
G
t (40) 

Similarly, as an illustration of the fiscal rules on the revenue side, both labour and capital income 
tax rules are given respectively as: 

lnτW
t ¼ ρWlnτW

t� 1 þ θW
y lnyo

t þ �
W
t (41)  

lnτK
t ¼ ρKlnτK

t� 1 þ θK
y lnyo

t þ �
K
t (42) 

where parameters θG
y , θW

y and θK
y are the responsiveness of the fiscal rules to official sector output 

or the stabilization parameters. The feedback rule parameters are such that θG
y is strictly negative 

and θW
y and θK

y are strictly positive according to prior estimates from the literature. Empirical 
estimation of feedback coefficients in both expenditure and revenue rules are generally not well 
specified by the data, the study, therefore, follows Coenen et al. (2012, 2013) and Corsetti et al. 
(2012), to set, θG

y ¼ � 0:06, θW
y ¼ θK

y ¼ 0:21 which were rationalized based on empirical 
estimations.13

10. Monetary policy
The model is closed by describing a simple structure for the monetary policy rule. The Central bank 
is assumed to follow the standard Taylor-type monetary policy instrument so that the nominal 
interest rate is adjusted in response to the movement in the inflation gap with interest rate 
smoothing. The policy rule is characterized by the following Taylor rule: 

Rt ¼ R ρRð Þ
t� 1 πo

t
� �μπ 1� ρRð ÞεR

t (43) 
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where Rt is the nominal interest rate, ρR is interest rate smoothing parameter, μπ denotes Taylor 
coefficient in response to inflation gap14 with εR

t denoting monetary policy shock, with a standard 
i:i:d innovation. In this context, the monetary policy shock is thought of as an unexpected devia
tion of the nominal interest rate via the Taylor rule at period t. The exogenous shock to monetary 
policy enters the nominal interest rate as εR

t . The central bank supplies money demanded by 
households to support the desired nominal interest rate.

11. Market clearing and resource constraint
The aggregate resource constraints are given respectively as15: 

yo
t ¼ co

t þ iot þ gt þ a uo
t

� �
�ko

t� 1 þ
κp

2
πo

t
πo

t� 1θπ
� 1

� �2
yo

t (44)  

yu
t ¼ cu

t þ iut þ a uu
t

� �
�ku

t� 1 þ
κp

2
πu

t
πu

t� 1θπ
� 1

� �2
yu

t (45) 

The last two terms of each equation represent the household’s capital utilization cost and goods 
producers price adjustment cost. The aggregate consumption is given by equation (8) and the 
aggregate labour constraint is computed as follows: 

lt ¼ lot þ lut (46) 

Following Colombo et al. (2016), the relative size of the shadow sector SHtð Þ which will be useful 
when deriving the steady states of the model is introduced into the model. From the sectoral 
resource constraints, we obtain SHt as16: 

SHt ¼
yu

t
yo

t 

12. Model dynamics and results
To ascertain the role played by fiscal feedback in the model, the study calibrates the theoretical 
model developed in the previous section by focusing on fiscal impulses. The aim is to demonstrate 
how our model is coherent with the New Keynesian DSGE models and to highlight the role played 
by various fiscal stimuli in the presence of an informal economy. To examine the various channels 
and factors which influence the dynamic properties of the model, the benchmark simulation 
involves exogenous processes asymmetric to the official sector consisting of government spend
ing, labour and capital income tax shocks. The model is solved by focusing on the constraints and 
first-order conditions for prices and quantities. We then derive all the log-linearized equations of 
the model by taking log-linear approximations around the steady state.17 The coefficients of the 
log-linear model depend on the calibration parameters of the model as well as steady-state values 
and are used to solve for other parameters.

13. Model calibrations
This section describes the parameters and steady-state values used for the calibrations. The 
structural parameters of the model consist of parameter values that are directly obtained from 
the empirical literature and those that are calibrated using data from the SSA countries. These 
parameters enable us to capture specific ratios in the steady state of the model. The list of 
parameter values is provided in Table 2

Bondzie & Armah, Cogent Economics & Finance (2022), 10: 2137985                                                                                                                                
https://doi.org/10.1080/23322039.2022.2137985

Page 12 of 21



Parameters characterizing household preferences and the official sector firms are standard in 
the SSA literature. The subjective discount factor β, is set to 0:99 which is consistent with Takyi and 
Leon-Gonzalez (2020a), the same value was used in Takyi and Leon-Gonzalez (2020b) to achieve 
an annual average interest rate of 4%. The elasticity of substitution between official and informal 
consumption bundles is set at c ¼ 1:5 as was described in Batini et al. (2011) for emerging 
countries. The coefficient of Frisch elasticity of substitution for labour supply in the utility function 
is fixed at ϕ ¼ 2, a value consistent with the posterior mean reported by Smets and Wouters 
(2007). The steady-state elasticity of capital utilisation cost parameter τ is fixed at 0:2696 to 
indicate a mean of 0:2 for the capital utilisation cost function as suggested by King and Rebelo 
(1999). The elasticity of the cost of adjusting investment is also fixed at $ ¼ 6:0144 which is 
standard in the literature.

To characterize the empirical findings of the shadow sector in SSA countries, the steady-state 
share of the shadow economy is set to SH ¼ 0:47 (an average value for several SSA countries from

Table 2. Model calibration parameters
Parameter Value Description
Preferences & Technology

β 0.99 Subjective discount rate

� 2 Frisch elasticity of substitution for 
labour

εc 1.5 Elasticity of substitution between 
official

and unofficial consumption

εo 6 Official sector price elasticity of 
demand

εu 20 Shadow sector price elasticity of 
demand

Kp 4.37 Degree of price stickiness

θπ 1 Inflation indexation

δ 0.025 Capital depreciation

αo 0.36 Official sector’s capital Share

αu 0.28 Shadow sector’s capital Share

Monetary policy

ρR 0.9 Interest rate smoothing parameter

μπ 1.5 Taylor coefficient to inflation gap

Shock innovation

ρG 0.7 Innovation to government 
spending shock

ρW 0.8 Innovation to labour income tax 
shock

ρK 0.75 Innovation to capital income tax 
shock

Table 3. Fiscal policy steady-state ratios
Fiscal variable Value Description
τc 0.10 Consumption tax

τK 0.20 Capital income tax

τW 0.15 Labour income tax

g 0.14 Government consumption
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1991 to 2019, see, Makochekanwa (2020)) to calibrate the value of official consumption goods bias 
φc at 0:54.

Turning to the goods producer’s structural parameters, the price elasticity of demand for 
differentiated goods parameter o ¼ 6 is taken from Schmitt-Grohe and Uribe (2004), a value 
consistent with a 20% price mark-up in the official sector and the shadow sector value is set at 
u ¼ 20 which also implies a 5% price markup. The degree of inflation indexation parameter is 
normalized to θπ ¼ 1 to indicate a full indexation of inflation. The degree of price stickiness 
parameter is fixed at κp ¼ 4:37. Available literature suggests no evidence of nominal rigidities in 
the shadow sector, therefore the benchmark values for inflation indexation and degree of price 
stickiness are used for both sectors as in Colombo et al. (2016). The depreciation rate is set to δ ¼
0:025 per quarter which implies an annual depreciation of 10%. Additionally, the official sector 
capital share is set to αo ¼ 0:36 to capture a high capital intensity in the official sector than the 
informal sector value of αu ¼ 0:28 as in Koreshkova (2006).

The conventional parameters characterizing the monetary policy instrument are set accordingly 
as the Taylor rule interest smoothing rate parameter ρR ¼ 0:9 and inflation gap parameter 
μπ ¼ 1:5. The parameters describing the shock processes are calibrated as follows, innovation to 
government spending shock parameter is set at ρG ¼ 0:7. Innovations to labour and capital income 
tax shocks are set respectively at ρW ¼ 0:8 and ρK ¼ 0:75. The ratios of fiscal variables to GDP and 
the steady-state tax rates as shown in Table 3 are consistent with data collected by the 
International Bureau of Fiscal Documentation in 2005–06 for developing and emerging countries. 
The steady-state values for τc, τk, and τw are respectively fixed at 10%, 20% and 15%; and finally, 
government spending to GDP ratio gð Þ is set at 14%. To achieve a stable steady state, the 
aggregate labour supply ls ¼ 0:25 is conventionally set to normalise aggregate price Ps ¼ 1. It is 
paramount to note that, the steady-state relative prices are determined by mark-ups, technologi
cal parameters and tax rates.

14. Analysis and discussion of results
This section analyses and discusses the various impulse response functions (IRFs) regarding some 
key macroeconomic variables to asymmetric shocks in the official sector. Figures 1–3 represent the 
various responses following government spending, labour and capital income tax shocks to 
analyze how fiscal shocks are transmitted into the shadow sector and how the presence of the 
shadow sector affects the economy. Note that variables are already expressed as percentage

Figure 2. IRFs from effects of 
government spendings shock.
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deviations from the steady-state values since variables have been log-linearized. The continuous 
red lines in the figures represent the behaviour of shocks in a one-sector (official sector only) 
model as in Smets and Wouters (2003, 2007) while the continuous blue line defines the behaviour 
of variables in the two-sector (both official and shadow sector) model. The IRFs from the baseline 
calibrations are presented in Figures 2–4.

Figure 2 shows a response to a positive government spending shock and the model without 
a shadow economy indicated that employment, capital demand and product wage increase which 
increases official output. Similar results were obtained in the model with the shadow sector, with the 
main quantitative difference being the fall in official sector product wage. This shock comes in with two 
effects; demand for labour in the official sector leading to a rise in official labour employment and 
a negative wealth effect which reduces the consumption of official sector goods. With the rise in 
labour demand, employment increases and the real wage rate fall as a result of a fall in relative goods 
prices (see studies by Albonico et al. (2016) and Takyi and Leon-Gonzalez (2020a, 2020b) for similar 
findings). The reduction in the price of official sector goods leads to the reallocation of factors towards

Figure 3. IRFs from effects of 
capital income tax shock.

Figure 4. IRFs from effects of 
labour income tax shock.
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the official sector. This reallocation causes the shadow sector employment as a share of total employ
ment to fall. On the response of labour employment and real wages, see, Pappa et al. (2015) for similar 
analysis on four Eurozone Takyi and Leon-Gonzalez (2020a, 2020b) for SSA countries.

Moreover, the persistent rise in nominal interest rate contributes to the fall in private consump
tion in both models. This is mainly caused by the negative wealth effects which arise from the 
increase in consumers’ anticipation of higher taxes in the future due to government spending 
hikes. This is consistent with Hayat and Qadeer (2016) for Asian countries; and Asif Khan and Khan 
(2011) for the Pakistani economy. On the other hand, the government spending shocks decrease 
the shadow sector variables including output, consumption, labour employment and capital 
demand which indicate a dampened effect of the shock on the informal sector. These results 
are expected since most of the government spending is geared toward the official sector.

Figure 3 presents the impulse responses of labour income tax hikes to the economy. It is 
immediately observed that the shock has a contractionary effect in the one-sector model and 
the official sector of the disaggregated model thereby reducing total output, private consumption, 
investment, labour employment and physical capital demanded by firms. The one-sector model 
shows that higher taxes raise the real wage, marginal cost of production and subsequently 
inflation. The increase in the cost of production through real wage and capital reduces labour 
demanded by firms and subsequent employment in the official sector and the aggregate demand 
through a fall in the private consumption expenditure by households since they supply labour 
demand and private investment (see, Albonico et al., 2016). The two-sector model also presented 
the negative effects of the shock in the official sector. However, the presence of the shadow 
economy has a powerful amplifying effect on the shadow sector’s real output, private consump
tion, private investment and labour employment. The presence of the shadow economy has 
a reallocation effect of factors services toward the shadow sector as a result of the fall in relative 
factor input prices (real wages) thus resulting in increasing production in the shadow sector and 
thereby the demand for shadow goods and services.

The results of an increase in capital income tax are presented in Figure 4. Official sector inflation 
and the nominal interest rate falls inducing a decrease in real interest rate causing an outflow of 
capital from the official sector to the shadow sector. This in turn lowers the official sector labour 
employment thereby inducing an increase in the shadow sector capital demand and labour 
employment as a result of a fall in shadow wages. This means that factor inputs with higher 
taxes in the official sector would outflow to the unofficial sector making the other factor inputs 
scarce in the shadow economy and this attracts an inflow of the scarce inputs as well. In the case 
of capital tax shock, the adjustment of capital is sufficient to generate the equilibrium dynamics.

Figure 5. Fiscal stabilizers— 
Government spending 
feedback.
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Overall, tax hikes lead to factor reallocation into the shadow sector. Higher taxes in the official 
sector provide incentives for tax evasion among firms and individuals. Moreover, the fall in 
investment and capital stock in the formal sector lowers the productivity differentials between 
the two sectors hence agents reallocate to the shadow sector leading to an increase in shadow 
sector labour employment and capital demand. An empirical work by Takyi and Leon-Gonzalez 
(2020a, 2020b) share a similar view on this study.

Figures 5–7 present the fiscal gap variables for output under the three fiscal instruments considered. 
The blue bars represent the fiscal gap variable in the model without a shadow economy and the orange 
bars represent the fiscal gap variable in the model with a shadow economy. The results from Figure 5 
show that fiscal feedback stabilizes the positive government spending shock effects by reducing the 
output and this result is further strengthened in the model with a shadow economy. This is why the fiscal 
gap variable is negative during the periods considered. It strengthens the argument that fiscal stabilizers 
moderate overheating economies in periods of booms without affecting the underlying soundness of 
budgetary positions as long as fluctuations remain balanced. On the other hand, during recessions like 
our case with income tax hikes, fiscal stabilizers are to support economic activities.

As shown in Figures 6 and 7, the fiscal feedbacks on taxes stabilize the economy by raising 
output in both models. The stabilization policies are strengthened with the introduction of the 
shadow economy. This indicated that fiscal feedback on government spending (income taxes)

Figure 6. Fiscal stabilizers— 
Capital income tax feedback.

Figure 7. Fiscal stabilizers— 
Labour income tax feedback.
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stabilized the economy by reducing (raising) output levels and these results even become stronger 
with the presence of a shadow economy. This robustness check further strengthens the important 
role of introducing the shadow sector into the model.

15. Conclusion and recommendations
The paper investigates the effects of fiscal policies in a New Keynesian DSGE framework with shadow 
economies. The study adds to the literature by extending the DSGE models by Smets and Wouters (2003); 
Albonico et al. (2016) and explicitly models fiscal policies to interact with monetary policy in the presence of 
informal economic activities in the SSA countries. The simulation involves exogenous processes that are 
asymmetric to the official sector consisting of government spending, labour and capital income tax shocks.

The message from the results is that shadow economic activities play a significant role in 
determining the behaviour of the real business cycle specifically the behaviour of the aggregate 
output. The results show that in economies with a large share of informal sectors like that of SSA 
countries, tax hikes lead to sizeable tax evasion and a boost in the activities of the informal sector 
making fiscal policies ineffective. The study also found that increase in public spending reduces 
shadow sector activities thereby increasing official sector GDP. This crowding-out effect contributes 
to obscuring the effectiveness of government spending and income tax on the aggregate GDP. The 
amplifying income tax effects occur simply because the effects of relative consumption and factor 
inputs prices create spill-over effects onto the shadow sector which determines the sectoral factor 
allocation in the model. The results from the fiscal feedback on government spending (income 
taxes) stabilized the economy by reducing (raising) output levels and these results even become 
stronger with the presence of a shadow economy. These results imply that, for effective imple
mentation of government policies, policymakers must incorporate the activities of the informal 
sector into modelling and policymaking.

16. Further studies
The study can be expanded in the future to include an empirical econometric estimation for these 
selected countries. This estimation would then complement the theoretical model developed in this 
case. With data availability, the study could concentrate on country-specific to harness the full rigour of 
the model for policymaking. The theoretical model developed in the study can be expanded to include 
other macroeconomic and financial variables since they are connected to fiscal policy variables.
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Notes
1. See contributions from (Albonico et al., 2016; Basile 

et al., 2016; Bhattarai & Trzeciakiewicz, 2017; 
Christiano et al., 2011; Coenen et al., 2012; Faia 
et al., 2013; Hemming et al., 2002).

2. Fiscal gap variable is defined as the difference 
between the variable value (output) in the case 
with fiscal stabilizers and the variable value in the 
case without fiscal stabilizers.

3. Smets and Wouters (2003, 2007) followed a partial 
indexation of prices.

4. Superscript i are ignored here.
5. The investment adjustment cost function is given by: 

S
iit

iit� 1

 !

¼
κI

2
ð

iit
iit� 1
� 1Þ2 

In the steady state, S 1ð Þ ¼ S0 1ð Þ ¼ 0, S 1ð Þ>0;$

with $ being the adjustment cost parameter.
6. We assume a stochastic shock to the price of invest

ment to affect only the official sector for tractability.
7. In the steady state, utilization cost function implies 

that: ui
s ¼ 1 and a 1ð Þ ¼ 0.

8. In the official sector, consumption tax drives 
a wedge between final goods price set by firms 
and the corresponding consumption price.

9. See, Gali (2008). The labour market equilibrium 
requires that wi

t ¼ mrsi
t, where mrst ¼ � Ui

l;t=Ui
c;t is 

the marginal rate of substitution between con
sumption and labour supplied in period tþ n for
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the households. This means that the official and 
shadow sector would pay the same consumption 
wage to workers.

10. A detailed derivations of all the first order condi
tions are available upon request.

11. In the steady state, we impose that gsyo
s ¼ gs 

in 
order to obtain the public consumption-output 
ratio.

12. See, Coenen et al. (2012, 2013) for similar discus
sions. Here, the study does not necessarily consider 
feedback on debt and output but we assume the 
economy to react to fiscal shocks. Albonico et al. 
(2016) argued that a more restricted model with
out the feedbacks is better specified than models 
with fiscal reaction functions. Therefore, by con
sidering fiscal shocks the model stability is obtained 
because the implicit lump-sum taxation ensures 
government solvency.

13. To the best of our knowledge, none of the empirical 
literature on SSA countries have estimated these 
feedback rule parameters. The study uses the 
parameter values from Coenen et al. (2012, 2013) 
and Corsetti et al. (2012) as a proxy for this work.

14. That is, deviation of inflation rate from the inflation 
target.

15. We note here that, the official sector resource con
straint incorporates the government expenditure.

16. Through a straight forward manipulation using (9) 
and (10) we obtain steady state SH as: 

SH ¼ yu
s yo

s
¼ 1 � φcφcðPu

s Po
s 1þ τcð ÞÞ

� c 1 � ios=yo
s � gs

� �

1 � ius=yu
s

� �

17. The full set of the first order conditions, steady 
state derivations and log-linearized equations are 
available upon request.
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